Pollinating insects are important and therefore, it is important to be able to assess and monitor changes in their abundance. Consequently, it is essential that the methods used to collect data have some level of precision and are accurate. In the present study, two commonly used methods: colour pan-traps and sweep netting along transects, were compared. A total of 1775 specimens of 120 species of four insect families were caught in twelve clear-cuts in southern Sweden. Overall, Lepturinae (Cerambycidae; 5 species) and Cetoniidae (Scarabaeidae; 2) were trapped in larger numbers by pan-traps and Syrphidae (62) and Apoidea, both social (10) and solitary (41), by sweep netting. The catches of none of the above groups of insects by the two methods were correlated. These results show that the composition of catches of the two methods are very different, which has implications when choosing a method for sampling or monitoring and comparing and analysing published data.
other hand, it is often suffi cient to focus on precision, i.e. to what extent a result can be reproduced. Another approach is to compare two or three potential methods, to better understand the unique bias in the data that each produce (Wood et al., 2015) . When it comes to sweep netting and colour pan-traps, previous studies report confl icting fi nds: pan-traps catch more species than sweep netting ( Sobota & Twardowski, 2004; Wilson et al., 2008; Nielsen et al., 2011; Spafford & Lortie, 2013) , fewer species (Cane et al., 2000; Roulston et al., 2007; Namaghi & Husseini, 2009; Popic et al., 2013) and equal numbers of species (Westphal et al., 2008; Grundel et al., 2011) . These confl icting results could potentially be due to differences in the pan-trap methodology (e.g. different colours and type of colours; placed on or above the ground; different types and shapes of pans; Tuell & Isaacs, 2009; Joshi et al., 2015 , Shrestha et al., 2019 and for sweep netting (size of sweep net; whether only fl owers are targeted or vegetation), or simply due to differing sampling effort.
The aim of the present study was to compare the catches of colour pan-traps and sweep netting along transects. We sampled clear-cuts in boreal forests, differing in land use history thereby achieving a gradient in fl ower abundance and potentially a greater diversity of fl ower-visiting insects. We considered fi ve taxonomic groups: Syrphidae, solitary Apoidea, social Apoidea, Lepturinae and Cetoniideae. The Sampling of fl ower-visiting insects: Poor correspondence between the catches of colour pan-trap and sweep netting HILDA-LINN BERGLUND and PER MILBERG *
INTRODUCTION
Pollinating insects perform essential tasks for wild plants and man alike (Klein et al., 2007; Gallai et al., 2008; Aizen et al., 2009) and decreases in the abundance of pollinators (Fitzpatrick et al., 2007; Kluser & Peduzzi, 2007; Potts et al., 2010; Vanbergen et al., 2013) points to the need for monitoring and surveying fl ower-visiting insects (McCravy, 2018) . Methods used to survey pollinator populations such as Malais and suction traps indiscriminately catch large numbers of insects, which is less useful when targeting pollinating insects (Campbell & Hanula, 2007) . On the other hand, walking along transects does not work well for smaller and more mobile species. So, the two methods most likely to be used are sweep netting along transects and pan-traps. Pan-traps, that are specifi cally targeting pollinators, involve luring them to liquid-fi lled colourful pans during their search for sources of nectar. Pan-trapping is often described positively, e.g. "… one of the most effective passive sampling techniques and ideal for long-term monitoring" (Falk, 2015, p. 44) and is promoted by FAO for monitoring (LeBuhn et al., 2016) .
All insect sampling methods are to some degree selective and it is important to understand the nature of the selectivity. On the other hand, it is extremely complex to assess insect catches from the point of view of accuracy (i.e. how well a catch refl ects population sizes at a site). On the caught and decreases the surface tension. A small opening (4 mm in diameter) at the top of each bowl was made to ensure that rainwater could drain away. One set of pan-traps consisted of three pans, one of each colour, placed on a steel stick ( Fig. 1a ). Four sets of pan-traps were placed in each clear-cut at the same height as the vegetation (often 30-50 cm) and in places that were typical of each clear-cut. Pans were set for a week in early August 2015. Of the 48 sets of pan-traps used, two were knocked down by animals and not included in the analysis.
Sweep netting
At the beginning of August, all clear-cuts were sweep netted, at most 5 days before or after the period the pan-traps were set. The sweep netting was carried out along transects 25 m apart, which included the whole of each clear-cut ( Fig. 1b ) at a pace of 100 m per 4 min. The transect-walk occurred between 07.00 and 13.00 GMT (9.00-15.00 Swedish summer time) when it was sunny, at least 17°C and the wind strength less than four on the Beaufort scale (Beaufort scale three: only tiny branches and leaves are moving). Syrphidae, Apoidea and Lepturinae were caught, while Cetoniidae were only counted, within 1 m of the transect. If the sun became covered by clouds, the collector waited until the sun reappeared and then resumed walking.
Data analyses
Specimens caught were identifi ed to species level and those unidentifi ed were not included in this study. However, among Cetoniidae only Trichius fasciatus was identifi ed to species while the remaining specimens were considered as a group, henceforth called Cetoniidae spp., which is likely to consist of three species at the sites studied (Protaetia marmorata, Cetonia aurata, Protaetia metallica). Insects belonging to non-target taxonomic groups caught during sweep netting were not included although goal was to identify biases in these two methods. We also tested the assumed negative bias in the catches of large insects by pan-traps (Cane, 2001; Westphal et al., 2008) and small insects by sweep netting. We did this by regressing species-wise odds ratios (for being caught) on body length.
MATERIAL AND METHODS

Study sites
This study was conducted in twelve clear-cuts in hemi-boreal forests in the province of Östergötland, southern Sweden. The landscape consists mainly of coniferous forest, but is mixed with lakes, bogs, small patches of seminatural grasslands and arable fi elds (Ibbe et al., 2011; Milberg et al., 2019) . The selected clearcuts had an area of 2-6 ha, had been logged 4-6 years previously, and were situated at a minimum distance of 300 m from nearest seminatural grassland. To achieve a gradient in the abundance of fl ower-visiting insect, we included clear-cuts in areas that were coniferous forest and those that were hay meadows in the 1870s (Jonason et al., 2014 (Jonason et al., , 2016 . Since then, there was at least one generation of spruce-dominated forest at these sites, for a minimum of 70 and a maximum of about 140 years (Ibbe et al., 2011) .
The cover of fl owers in the clear-cuts was assessed by using ca 100 1-m 2 plots (Berglund et al., in prep.) and ranged from 0.000237 to 0.001329‰ (average 0.000494‰) at the time the insects were sampled.
Pan-traps
The pans used to collect fl ower-visiting insects were painted in one of three UV-refl ecting colours: blue, white or yellow (Soppec, Sylva mark fl uo marker, Nersac, France). The pans had a volume of 0.5 L (diameter 8.7 cm) and were fi lled with toxic-free propylene glycol (40% concentration). This liquid preserves the insects they could be numerous in the pan-trap catches (e.g. Vespoidea, Lepidoptera, small Coleoptera).
Before analyses, the following steps were taken to produce comparable data: (i) Pan-traps: as two sets of traps were lost at one site, average specimens per set of pan-traps were calculated. (ii) Sweep netting: as the sizes of the sites varied and hence transect length, we calculated number of specimens per ha, assuming the transects covered 8% of each clear-cut.
Correlation between the catches of the two sampling methods
To compare the catches using the two methods, correlation coeffi cients were calculated for social Apoidea, solitary Apoidea, Lepturinae and Syrphidae (Cetoniidae was judged too scarce for a meaningful analysis).
Occurrence data
As insects often aggregate, the actual number of specimens recorded might infl ate differences between methods and sites. Hence, a more conservative type of data is the frequency of occurrence. We therefore considered the number of clear-cuts where a species was recorded using each of the two methods. From this we calculated the odds of recording a species with pan-traps and sweep netting, and from this the ln(odds ratio) was calculated, positive values for which indicate higher odds that pan-traps captured more than sweep netting. The confi dence interval of the odds ratio allows an informal signifi cance testing, but the statistical power of this approach is low, given that only 12 clear-cuts were sampled. Species-wise odds ratios were fi nally combined into group-wise odds ratios, using meta-analyses methods that weighted the frequency of occurrence of species. This analysis did not include sampling effort, which differed as two sets of pantraps were lost, the greater number of specimens recorded when sweep netting, or the pair-wise nature of the data.
Species-wise odds ratios were regressed to test whether they varied with body mass. We included those species for which body lengths are recorded in the literature (mainly Falk, 2015 and Wikipedia for Apoidea, Bartsch et al., 2009a, b for Syrphidae, Lindhe et al., 2010, for Lepturinae), and calculated averages when ranges were given and sexes differed in length. We then regressed the results for: (i) all species (N = 116), (ii) social Apoidea (N = 9), (iii) solitary Apoidea (39) and (iv) Syrphidae (62).
RESULTS
A total of 1184 individuals belonging to 108 species were caught by sweep netting, compared to 591 belonging to 48 species by the pan-traps (Table 1) . Even after adjusting for differing sampling efforts in terms of the number of sets of pan traps and sizes of the clear-cuts, the average number of specimens recorded using sweep netting was double that recorded using pan-traps (Table 1 ). In terms of species, similar patterns emerge: 1 of 2 Cetoniidae and 4 of 5 Lepturinae were signifi cantly more likely to occur in pan traps than to be recorded using sweep netting (Table  2 ). In contrast, 2 of the 10 social Apoidea, 2 of the 41 solitary Apoidea and 9 of the 62 Syrphidae were signifi cantly more likely to be caught by sweep netting than by pan traps (Table 2) .
In terms of abundance, there were no signifi cant correlations between numbers caught in pan traps and during sweep netting (Table 1) .
The occurrence data clearly showed that Cetoniidae and Lepturinae were much better represented in the catches of pan-trap than in those of sweep netting ( Table 2 ). The op-posite was true for Syrphidae and both types of Apoidea (Table 2) .
There was no signifi cant relationship between body lengths and ln(OR) in any of the four tests conducted: (i) all species (F (1,114) = 3.126; P = 0.0797; slope 0.641), (ii) social Apoidea (F (1,7) = 0.972; P = 0.357; slope 0.0818), (iii) solitary Apoidea (F (1,37) = 0.477; P = 0.494; slope 0.137), (iv) Syrphidae (F (1,60) = 0.908; P = 0.344; slope 0.02039). Note that the estimated slope was always positive, i.e. increased odds of being caught by pan-traps with increase in body length.
DISCUSSION
None of the fi ve taxonomic groups sampled were recorded similarly using pan-traps and sweep netting; and two groups (Cetoniidae, Lepturinae) were "over-sampled" by pan-traps and three groups (Syrphidae, social Apoidea, solitary Apoidea) were "under-sampled". So, for a multi-taxa study a combination of both methods would be the best option (cf. Spafford & Lortie, 2013). However, combining such data results in two numerical problems. First, only sweep netting data can be converted to densities, so one is left with a combined species list, and presence/absence data. Second, the sampling effort is diffi cult to compare if one method catches many more specimens. Consequently, catches using the two methods could not, strictly speaking, be numerically compared (cf. Popic et al., 2013 , Wood et al., 2015 and combining them would result in a substantial loss of numerical information. In the present study, the two catches involved similar sampling efforts, but sweep netting caught more individuals (and consequently more species) than the pan-traps. Considering only the Apoidea, only 21% of the specimens were caught by the pan traps (data not shown), which confi rms reports by Cane et al. (2000) and Roulston et al. (2007) , but see Westphal et al. (2008) who report only small differences between different methods. Another example, 785 specimens of Syrphidae were caught using sweep netting but only 32 by the pantraps. Hence, to achieve a similar catch using pan-traps would require a 20-fold increase in the number of traps. In conclusion, combining the two methods is excellent for achieving a more comprehensive species list, but results in low quality numerical data. It also raises the issue of the marked difference in the sizes catches using the two methods. In studies using these two methods the follow- , 2007) . This striking imbalance in the catches using these two methods makes it extremely diffi cult to compare the results of studies using different methods and generally hampers the transferability of results. Therefore, not only pan trapping needs to follow a strict protocol (LeBuhn et al., 2016) but also sweep netting, in order to obtain similar sized catches using these two methods.
As pan-traps can attract pollinators even if there are no fl owers in the vicinity, it might attract individuals that are only transient members of the pollinator assemblages at a site. Even if a proportion of the sweep netted individuals are transient at a site, it is not a major problem as the time spent sampling was short. Hence, in a low-resource landscape, the positive bias of pan traps might lead to misleading conclusions.
It is a matter of debate whether the biases are mainly in the pan-trap catches or the sweep-net catches, or both. In the absence of an unbiased sampling method, we can only speculate. But it is worthwhile considering a few reasons for a bias. First, colour preferences may infl uence the total pan trap catch. It is well-known that fl ower-visiting insects prefer particular colours, which is the reason why three different colours are normally used for pan-trapping (e.g. Kirk, 1984; Vrdoljak & Samways, 2012; Joshi et al., 2015; Moreira et al., 2016; Sircom et al., 2018) . The underlying mechanism of colour preference seems to be due to fundamental differences in the visual processing of different insects (Shrestha et al., 2019) . In our study system, Lepturinae strongly preferred two of the three colours (blue, white) while Syrphidae only one (yellow; Berglund et al., in prep.) , and such "double preferences" of Lepturinae would have boosted their numbers and the potential bias in the catches. Second, pan trapping is more likely to catch small specimens (Westphal et al., 2008) and under-sample large species (Cane, 2001 ) that may escape the traps more easily (Westphal et al., 2008) . There was, however, no support for this scenario in the present data, irrespective of whether analyses were done on all species, or groups of species.
It is apparent that some taxa are more likely to be caught in either pan-traps or by sweep netting, as for no groups were the numbers of individuals caught by pan-traps and sweep netting correlated. Syrphidae as a group was more easily recorded using sweep netting and less likely to be recorded using pan-traps. It is unclear whether they are not attracted to the colours and shapes of the pan-traps used, or whether their fl ight and landing behaviour when approaching a pan-trap makes them less prone to be caught. Social Apoidea are large-bodied insects, which gives some support to the assumed pan-trap bias against large body sized insects (Cane, 2001; Westphal et al., 2008) . On the other hand, both groups that were much better sampled using pan-traps, Cetoniidea and Lepturinae, are large species. Being beetles, their fl ight and landing behaviour is less precise than that of Syrphidae and Apoidea, which might increase their chance of being trapped by pan-traps. On balance, it seems the potential for a body-size bias needs to be evaluated for each group of insects. Nevertheless, we found no indication of signifi cant relationships within the three groups evaluated, hence a body size bias is not a universal phenomenon.
Finally, it is worth considering the limitations of the current study, which was carried out only late in the season (early August) and resulted in a modest sample size (1775 specimens). An earlier study using pan traps in the same year (early June, early July) indicates that numbers of Apoidea caught remained high throughout the summer, Lepturinae increased and Syrphidae decreased (Berglund et al., in prep.) . This means that combining data for different groups will be affected by phenology, but that groupand species-wise comparisons using both sampling methods would be less affected by phenology.
In conclusion, our results show that the two methods are fundamentally different in terms of what they catch, which complicates or even prevents meaningful comparison when different methods are used. These fi ndings add to the diffi culties of sampling and monitoring insects (cf. Westphal et al., 2008) and highlight the need for improved reporting of catches as well as standardized methods for pan-traps (LeBuhn et al., 2016) . Our results also underscore the obvious point of letting the target taxa/taxon decide the method of sampling. Finally, we could not confi rm an assumed body-size bias in the catches of pan-traps.
